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SHIP SYSTEM INTEGRATION FOR FUTURE DESICN

by The Honorable David E. Mann
Assistant Secretary of the Navy
(Research, Engineering and Systems)

It is not my purpose to come and talk to you today about ship control hard-
ware, or hardware programs, or even ahout hetter or newer hardware that you will be
dealing with in depth during this conference. Rather, 1'd like to talk about one
of the fundamental strengths of the United States and of our allies. That funda-
mental strength is the power of ideas and more particularly, I'd like to talk about
how we translate ideas into hardware, and fust as importantly how we group hardware
or aggregate it together so that we, in fact, derive the delivered product -- combat
ready ships., 1It's been very fashionable of late in our country to discuss, to
dissect, to be concerned with the acquisition process. 1T would like to suggest to
vou this morning that there are in fact two aspects to that, The first represents
the fundamental strengths of all of our democracies, that is, the ability to gen-
erate the technology. The second is the classical requirement that is involved in
the give-and-take of the total acquisition process. As with any give-and-take,
there are some fundamental difficulties which we should all recognize. First, it is
a fact that technology and requirements are not necessarily synchronized in time.
It is often the case that technology will be ahead of the relatively conservative
nature of those who generate requirements. let me give you an example of why this
should be so. When the United States contracts for a ship with the shipbuilder, we
let the contract for the entire ship: that is, we insist that the shipbuilder build
the ship, fnstall the equipment, cables, consoles, computer, radar, and all other
equipments, and then demonstrate that they all operate together as designed. The
shipbuilder is responsible for delivering a final product. It is the United States
Government's responsibility to provide the shipbuilder with the equipment and with
the tools to Insure that the product is delivered as contracted for. 1t is how-
ever, the shipbuilder's responsibility to provide all of the myriad trade special~-
ists which will insure proper installation and the performance of the equipments.
Now the plain fact of the matter is that no shipbuilder in a free enterprise sys-
tem can afford to maintain the myriad of special personnel required to install, to
check out, and to Ingure the proper function of all the complex equipments that we
utilize today. Hence, it should come as no surprise that shipbuilders and the
naval personnel that work with them are, in fact, very conservative people and that
the requirements for our ships, that is, equipments to go on the ship reflect the
conservative approach inherent to the shipbullders’ business practices. Let me
point out a second problem that is {nherent in bringing technology Into being in
the face of conservative implementation efforts. In my position, I see a lot of
good ideas and a lot of R&D initiatives, and many technology programs working to
solve the world's problems. What one does not sec is a coherent pattern behind the
direction of the technology push. There is a lack of coherency in our technological
approaches to the problem.

So far, T've only talked about new ships and new ship programs. That is not
the only problem area. There {s a need to infuse new technology into our naval
ships throughout the life cycle of those ships. 1In most navies critical attention
is paid to updating the combat gystem on a ship and to provide the latest combat
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svstom technology that is available during the ship's major overhaul. There is

less tendencv to update our basic hull and mechanical items; our engines: our
clectrical distribution svstem, our ship control system:; our damage control items
and our ship sclf-protection systems with regard to such things as armor and passive
defenses apainst weaponrv. Further, there is a tendency when updating our combat-
ant ships to atilize what is available or what is already proven as state-of-the-
art technologyv. A significant problem in the United States in attempting to update
our ships and to use the latest technology throughout the life cycle is that ships
of a given class tend to come into overhaul at different times. Tt takes five to
six vears to overhaul an entire class of llnited States combatant ships at this time,
Consequent lv, there is a tendency to include the newer equipments toward the end of
the overhaul cvele. We then have a problem in maintaining configuration control and
with the cost inherent in supporting ships with different configurations.

These problems certainly are sufficient food for thought. 7hey give us a great
deal of difficulty in digesting them. The question then remains, "What should we
do about all these problems?" We need to do total ship engineering, top-down design,
etc. We need to engineer our ships as a whole. We need to engincer the combat sys-
tem together with its supporting machinery. We need to engineer hull and machinery
together. We need to do the whole package together. let me add two items to those
needs. We need to do this top-down engineering -- this total ship engineering —- in
such a manner that the total ship is more tolerant of future change. Secondly, we
need to consider ships as life cycle entities in the very earliest stages of con-
ception and design.

Let me say, at this point however, that we in the United States do a great deal
of top-down engineering today. Much time, effort and money is put into generating
top~level requirements, in generating mission profiles, or what we want a ship to
do, and how we want it to go about carrying out its mission. There is a great deal
of effort expended in assessing combatant capabilities, There is also a great deal
of thought that goes into how we want to use the ship and what possible improvement
can be contemplated in the future. lLet me suggest that there is a bottom line
driver in any given series of trades, and today that driving element is the acquisi-
tion cost of any given ship and its equipment suit. Increased consideration of
life-cvcle cost could, in fact, reshape the way ships are basically designed, the
way new technology is infused throughout the life cycle of the ship, and probably ’
would result in improved total coherency of our research and development program.

One might ask then, "How would life-cycle cost change our approaches in basic
ship design?” Consider the need for tolerance of change. Ships today basically
have all their equipment wired together by deldicated cables. There are hundreds
and thousands of cables connecting every electrical function in the ship in one way
or another. Fach time we change one of these pleces of equipment, we must change
the dedicated wiring which supports those equipments. Next, consider the fact that
we in the tinited States are moving into a digital world. Today when we change
equipments which are dependent upon digital computers, we must also change the
digital computer programs. Since most United States ships use only a few digital
computers and are, in fact, highly centralized, the programs which are done in these
computers are sophisticated and complicated, and each change to a plece of equip-
ment with its attendant change to the computer program tends to create difficulties
throughout the whole computer program. The cost of change on today's ship is very
high. [If life cycle cost or the cost of future change were embedded into the
original concept of the ship, T suggest that more careful attention would he paid
to the design margins or the standard to which a ship and {ts inherent systems are
built., TIf, In fact, we include margin for growth or for future change into the
basic design of the ship and its basic supporting elements, then the cost of change
will indeed he less when the change is effected. There is littlie sense in design-
ing a ship with an electrical system or an air conditioning system which i{s limfted
to support only the equipment with which the ship is ortginally equipped.
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Next, consider the area of maintainability as a life-cycle cost driver which
should be constdered in basic design. How much more does it really cost us to
acquire an automatic performance monitoring system for main ship propulsion? How
much will that save in the long run in terms of early detection of equipment
fatlure?

Lastlyv, we need to consider people as a life-cycle cost driver, and people
implication on hasie ship design.  In the United States Navy today, the use of
peaple is expeasive.  We all recognize that it has been very fashionable to replace
people with machines and to count all kinds of attendant cost savings for that
replacement.  One of the problems with this has been however, that rthere is a ten-
tendy to take the people that are replaced right off the ship. We forget that in
many instances people are multi-function machines. They do not only do the function
o1 the machines which replaced them. People are watch standers in addition to
cquipment monitors.  People provide security to a ship in port. People cook and
serve the meals.  People have to clean the compartments. People help move the
paperwork and even polish the ship's hrass bell. All of these functions, while
not verv glamorous, [ contend, are still necessary even in a modern technology navy.
st that there is a minfmum number of people that are necessary to perform
the basic functions on a ship. T suggest that in the long term, improved tech-
nology can aid gpreatly in increasing the productivity of people. I suggest this
productivity could be oriented towards fmproving and increasing the maintenance of
the machines which are aboard a modern combatant. 1 supggest that machines and
tmproved technology can do away with much of the non-productive efforts of our
people onboard ship today and allow us to focus their efforts to increase produc-
tivitv. There is a basic trade involving people productivity and maintenance which
must he considerced in the automation of today's ship and in the improved technology
which we included in today's ship.

1 sugg

Lastiyv, let me sugpest some implications which many of our navies are having
to faee up to. In today’s all-voluntary force environment, the United States has
to work harder to keep its people. Tt would seem to be appropriate to focus tech-
nelogy and include it in ships such that we can get some of the burden off our
people, improve their work week, improve their working hours, improve the uscfulness
of tasks at which they are engaged, and improve the rewards that come from a joh
well done.  In short, we can and should improve the conditions in which our people
in an all-volunteer force work under.

So far, 1 have suggested a philosophy. I've suggested an approach, and 1've
suggested Increased examination of life-cycle cost drivers and their effect on
desfyn., What does all this philosophy mean in terms of how we do business? How
would we actually make something like this happen? 1 suggest to you that there are
two hasfc changes which would be required in the way we do business. First, there
fs a need for insistence that ship life support be one of the basic considerations
that are factored into the total trades included in the basic design of the ship,
before that desipgn is frozen. Secondly, there is a need to provide organizationally
for sustalned, forward-lnoking, top-down engineering on a life-cycle basis by ship
class,

I recognize that there are a great number of problems inherent to move into
the direction that T have outlined, and inject the considerations that I have sug-
gested into our thinking process. The problems are several-fold. Institutionally,
it i{s the "now" cost, the "today” cost, the "today" problems which are more heavily
weighed in our decision-makers' thinking. This is perfectly natural. I further
recognize the pressure todav in the political environment on any piven set of
budgets, There is a great need to get more for today's investments and there is a
reluctance to constder the cost savings five, ten, and fifteen years down the road
if those costs necessitate increased current investments. There {s a need to get
the hudget down.
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While recopnizing these problems, 1 also sugpest that there is a need for
manapgement to ensure that todav's investments in ship control, and in general,
result in both a better Navy todavy and a continued vitality of our Navy in the
futnre, and T assure vou that that concern is both recognized and is being acted on
by todav's Navy manapenent.  Thank vou verv much,
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AN ANALYSIS OF THE TECHNOLOGY CONTRIBI'TTONS
FROM THE FIRST FIVE SHTP CONTROIL
SYSTEMS SYMPOSIA

by W. Ward Rosenberry, Consultant

In a series of discussions among representatives from the United Kingdom,
Canada and the United States, the nced for an orpanized exchange of tochnical ideas,
plans and recent developments in ship control was recognized. Consequently, in
[966 the first Ship Control Systems Symposium (5€85) was organized in the United
States with all three countries participating. As the first host country, the
United States representatives presented 877 of the technical papers: although the
cxchange of information turned out to be much more evenly balanced. That we all
benefited was demonstrated by the extent of the participation three vears later in
a second SCSS. Although the United States, through the David W. Taylor Naval Ship
Research and Development Center, again acted as host, the extent of the non-United
States participation was doubled: i.e., United Kingdom and Canada presented 277 of
the papers. All parties agrzed on the mutual benefits of the exchange and that it
would further serve the Naval and Maritime communities if participaticon could be
cxtended to additional countries sharing common interests. The third SCSS, held
in Bath, England, in 1972, had 407 of the papers from the United States, 407 from
the United Kingdom and Canada and the remaining 207 from five of the other nine
participating countries with half of these from the Netherlands.

Figure 1 shows the growth in the number of papers contributed by participating
countries. It is clear from this figure that this has bhecome an international forum
for ship control systems. 1In 1975, in the fourth Symposium, United States and
United Kingdom contributions were nearly equal at about 337 each, with the remaining
347% coming from nine additional countries, apain with almost half of these from
the Netherlands. The work reported on represented a continuation of many develop-
ments first reported on at the ecarlier symposia. Since it was held in Furope, it
gave ample opportunity for Furopean participation. The fifth Symposium had 40%
United States papers, 297 United Kingdom and 21% from nine additional countries.

The decisfon to return the fifth Symposium to the United States reflected a con-
fidence that the symposium was fulfilling a technical need in the international
"free world" ship systems community and could he shifted in locale without jeopar-
dizing the extent or quality of the contributions. This was amply demonstrated by
the attendance and participation.

The technical coverage through the years has developed into a definable pattern.
Figure 2 categorizes all the papers piven at the fifth Symposium into technical
sub-areas and identifies the contributing countries. There were 24 papers that were
categorized in the bridge control areas and 22 that dealt with various aspects of
propulsion control. Bridge contro) technnlogy includes: piloting and navigation,
bridge, collisfon avoidance, steering control, maneuvering, and manecuvering simu-
lation. The propulsion contrel technology includes: automation, propulsion plants
and control, and propulsion simulation.

Figure 3 lists the technology arca contribution for each symposium by vear.
Over the yeirs, 557 of all papers presented have been (n either the bridpge control
or the propulsfon contral technolopy arca. Two major supporting technologies that
have contributed rom the beginning are human factors, accounting for 67 of the
total papers, and automatic monitoring, accounting for 77 of the total papers.
Other technology areas that have been included from time to time are: stabilizers,
propellers, electrical svstems, microprocessors, and relevant systems analysis.
The control prohlems of special craft have been fncluded in each syrposium, account-
ing for 107 of the total contributions. The technology distribution {n any indi-
vidual year reflects the special theme emphasis in soliciting papers for that
symposium.
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here can be nsed to show
vYor example, the number of United
stahitizers far oatweiphs all others.
ot contral papers also represent the single largese contribution in
crwise welD Jistribnted aea, The special eraft contributions have come
trom the Tnited States and Canada, while mancuvering and maneuvering simu-
Iation scers to be o concern of o'l countries.

thows oo mology Daners orivintted,
Shan ot bt iens in the tobnotoey o
tro, ronal
i
cadnte

fhe data included in this summary were bhased on this writer's opinions and

in woe. cases, almost arhitrary choices of assigning technology categories to

“hard to define' papers.  The wealth of papers presented in the proceedings of the
Tifth S€SS contain much information of value that has supported or stimulated work
in other centers around the world,

Tt is realized that the analvsis herein cannot
represent the worth of the individual contributions, but it does serve to demon-
strate that the symposium has become a major technologv transfer medium.

NOTE: Material from the above analvsis was presented during the Closing
Remarks session of the symposium bv Dr. Robert C. Allen, Head, Propulsion and Aux-

iliary Svstems Department, David W, Tavler Naval Ship Research and Development
Center,
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